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1.0 INTRODUCTION

This Final Technical Report is submitted by U.S. Army Tank Automotive Research,
Development and Engineering Center (TARDEC) and describes the performance
evaluation and analysis of results as tested in the Full-Load High-Ambient Cooling
Tests (FLHACT) for the M109A6 Paladin Self Propelled Howitzer (SPH). This
testing was sponsored by the Paladin Program Manager’s (PM) office and performed
by the Systems Integration Team using the test chamber and dynamometer facilities
of TARDEC’s Propulsion Laboratory.

An up-powered engine manufactured by Detroit Diesel Corporation (DDC) and a
modified torque converter produced by Allison Transmission Division (ATD) have
been designed and are being contemplated for inclusion in the M109A6 Paladin SPH.
Through internal improvements, the DDC engine produces 60 more horsepower (for
a total of 500 HP) than the baseline model. This increased power output of the
engine results in more heat being generated during operation. The modified torque
converter is designed to be more efficient and aid in heat dissipation. Component
testing on the up-powered engine was performed at DDC facilities in Detroit,
Michigan.

TARDEC performed a series of FLHACTS on three different vehicle configurations.
The configurations are as follows:

Configuration Engine Torque
Converter

(Baseline) I 440 BHP TC-360

II 440 BHP TC-396

I1I 500 BHP TC-396

The goal was to perform a systems level evaluation of the proposed improvements to
determine if the revised vehicle configuration will meet the cooling performance
requirement. The cooling performance was evaluated in 115°F ambient temperature.
The coolant used was water with 3% rust inhibitor. The FLHACTs were run at
Tractive Effort to Weight (TE/WT) ratios of 0.31 through 0.37 to determine the
highest TE/WT ratio the vehicle could achieve without exceeding the critical
temperature limits.

In addition to the FLHACT conducted on the Paladin vehicle, the following
engineering tests were also performed: Fuel Consumption, Top Speed, Engine
Product Qualification (EPQ), Full-Load Cooling Tests (FLCT) at lower ambient
temperatures and Full-Load/Part-Load Sprocket Power tests.

The vehicle, SN# 0009, arrived at TARDEC in May 2003 with just under 1300 miles.
The vehicle was set up and instrumented in test cell 9, building 212. The testing
began in October 2003 and the last test was completed 3 May 04.



2.0 OBJECTIVES

2.1 Conduct Full Load High Ambient Cooling Tests on the M109A6 Paladin vehicle in
accordance with the Paladin Test Plan (Appendix A) to determine compliance with
the cooling performance requirements in MIL-H-71000A, Section 3.15.2 stated
below.

3.15.2 Cooling System. The engine water temperature, engine lubricant and
transmission lubricant temperatures shall not exceed those shown in Table III when
the vehicle is operated under any one or a combination of the following conditions:

a. Ambient air temperature up to 115°F.
b. At 0.35 tractive effort/weight ratio.

TABLE III. Maximum operating temperatures.

Maximum Water Maximum Engine Oil Maximum Transmission Oil
Temperature From Engine Temperature in Sump Temperature Into Cooler
230°F 275 °F 300 °F

2.2 Perform fuel consumption using JP-8 and DF-2 to determine compliance with the
performance specifications stated in MIL-H-71000A, Section 3.15.4.

2.3 Perform top speed tests using JP-8 and DF-2 to determine compliance with the
performance specifications stated in MIL-H-71000A, Section 3.15.5.1.

2.4 Run Engine Product Qualification (EPQ) tests including system fill, drawdown and
deaeration, to determine compliance with Detroit Diesel Specification. This testing
was run by TARDEC, the data was recorded by DDC engineering personnel.

2.5 Conduct Paladin Full Load Cooling Tests in all configurations, in ambient
temperatures of 95°F, 100°F and 105°F and at tractive effort to weight ratios of 0.3
to 0.6 in increments of 0.05 for application of DOE to determine the main effects of
the 500 hp engine on the top tank temperature. This testing was run for the Short
Term Analysis Service (STAS) Program, Contract No. DAAD19-02-D-0001.

2.6 Run Full Load and Part Load Sprocket Power Tests to validate the tractive effort to
weight model.

2.7 Run FLCTs with a coolant mixing device installed at the inlet to the radiator to
determine mixing capability and effects on the cooling system.




3.0
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RESULTS

Configuration I and II did not complete the FLHACT at 0.35 TE/WT in 115°F
ambient air temperature. The test was stopped when the water coming from the
engine exceeded the 230°F temperature limit before stabilization occurred.
Configuration III exceeded the 275°F engine oil sump temperature limit at 0.35 and
0.37 TE/WT ratios during stabilized test runs in 115°F ambient air temperature. The
critical temperatures from the FLHACTSs are shown below.
Water Engine Oil Trans Oil
Configuration TE/WT from Eng °F Sump °F  to Cooler °F
I 0.33 221.9 261 236
II 0.34 220.3 260 234
111 0.35 229.6 285 245
111 0.37 2272 280 239
Requirements 0.35 230.0 273 300
The Rated Power Top Speed Test results displayed below show the current cooling

system does not meet the cooling requirements with the S00 BHP engine at rated
power and top speed in 115°F ambient temperature. The 115°F ambient test run
could not be run because the water from the engine and engine oil sump
temperatures would exceed their specified limits. The critical temperatures in
parentheses are extrapolated to 115°F ambient air temperature

Ambient  Water Engine Oil Trans Oil
Configuration Temp °F from Eng °F Sump °F  to Cooler °F
111 95 219.7 273 247
I 105 229.5 281 256
I 115 (239.5) (299) (265)

Fuel Consumption test results show either engine can meet 186 mile cruising range
requirement.

Top Speed test results showed either engine can meet 38-mph top speed requirement.
See Appendix D for the Engine Product Qualification test results.

See Reference 1 for the Design of Experiment test results.

The TE/WT model, Appendix E, was validated with the Sprocket Power Test results.
The coolant mixing device improved the mixing of the coolant by 20%, however, it

caused a rise in top tank temperature apparently from the drop in coolant flow
brought about by increased restriction.



4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1

4.2
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44

4.5

4.6

The M109A6 Paladin SPH, in all configurations, was unable to comply with the
cooling performance requirements at 0.35 TE/WT in 115°F ambient temperature.
Additional testing showed the current cooling system is unable to cool the 500 hp
engine at rated power top speed in 115°F ambient temperature. Recommend
considering options to improve the cooling performance as discussed in Sections 9.0
of this report.

The TC-396 torque converter functioned similarly to the TC-360 torque converter
during FLHACT which indicates its suitability as a replacement option. Durability
testing is recommended prior to using the TC-396 torque converter in place of the
TC-360.

During the FLHACTS, results show the ambient air (115°F) was increased by as
much as 37°F before it reached the radiator. This hotter air then flows through the
radiator and significantly degrades the cooling system heat rejection capability. A
means of providing cooler air to the radiator would greatly enhance cooling
performance.

A water pump from a DDC 8V92 engine can fit on a DDC 8V71T engine by making
some revisions to the pump housing (see Appendix D). The pump was installed and
a no-load flow test was run with the power pack out of vehicle. Results showed the
coolant flow increases by 10% to 14% with the use of the 8V92 pump. This cooling
pump would allow more cooling flow and possible cost savings from the reduction
of unique parts. Recommend testing the 8V92 coolant pump installed in the vehicle
prior to using it as a replacement.

While replacing the water pump, it was noticed that two lines going to the coolant
overflow tank were reversed. Both these hoses have identical connectors. The
reversed lines could cause air to be ingested into the cooling line. Recommend
different sized connectors be used to avoid line reversal.

While checking for a radiator coolant leak, we found the seal in the top exhaust grille
was allowing the exhaust gas to be re-circulated into the radiator depositing soot and
causing wear on the radiator tubing and radiator cap. Recommend providing a
sufficient gasket to prevent exhaust gas recirculation. Also the rubber hoses and
caps near the right side of the radiator should be routinely checked and replaced if
found to be hardening.



5.0 TEST EQUIPMENT AND PROCEDURE

The testing was conducted in TARDEC’s Propulsion Systems Laboratory, Test Cell
#9 Building 212. This large atmospheric test cell is capable of inducing a number of
wind and temperature points. Cell temperatures can be controlled to range from
ambient up to 160°F. Simulation of solar radiation is possible. Wind speed of up to
20 mph can be achieved from any of eight different directions. The dynamometers
can absorb 128,000 ft-Ibs of torque at stall. Figure 1 shows the Paladin set up for
testing. The test plan and procedure are found in Appendix C.

Figure 1 — Paladin Installed in Test Cell #9, Building 212



6.0 TEST MATERIAL

Figure 2 shows the Paladin cooling system schematic. Cooling air is drawn through
the intake grilles by two gear driven fans. The fans draw air across the engine,
through the radiator and out the exhaust grilles. The thermostat housing assembly is
mounted externally from the engine, requiring additional pipes and coolant
connections. Figure 3 and Figure 4 show different views of the pulled power pack.
Table 1 shows the major test components included in each configuration.

. SURGE TANK-TO-RADIATOR HOSE
. SURGE TANK-TO-RADIATOR HOSE
. SURGE TANK-TO-PRESSURE RELIEF VA LVE HOSE
. SURGE TANK

. SURGE TANK PRESSURE RELIFF valVe

. CROSSOVER TUBE-TO-RADIATOR VENT HOSE

. RADIATOR

. CROSSOVER TUBE

. CROSSOVER TUBE TEE

. CROSSOVER TUBE-TO-SURGE TANK HOSE

OO0 @~ L bl —

Figure 2 — M109A6 Cooling System Components



Figure 3 —- Top view of Pulled Power Pack

Figure 4 — Side View of Pulled Power Pack



Vehicle: M109A6 Paladin SPH, Army S/N 12A30966, Manufacture Date 7/92

COMPONENT CONFIGURATION | CONFIGURATION I CONFIGURATION llI
Modified Engine:
Production Engine: DDC 8V71T LHR

DDC 8V71T LHR e 500 BHP @ 2300 rpm
ENGINE 440 BHP @ 2300 rpm 5228790 Injectors

7590 Injectors
36 tube oil cooler bundle

Configuration |

42 tube oil cooler bundle
5101327 After cooler

assembly
Allison XTG411-4 s e
TRAN BHIREIN SRl HpeEns, Configuration | Configuration |

2 reverse speeds

TORQUE
CONVERTER

Allison model TC360

Allison model TC396

Allison model TC396

RADIATOR

Young Radiator Corp.
P/N 318399
S/N 2669107
Army P/N 12352900
Crossflow type
1 Pass
18"x47"x6” Core Size
11 fins/inch

Same as
Configuration |

Same as
Configuration |

FAN

Moda Magnetics Corp. Vane
Axial Fan
P/N 12268231
S/N 0018
Blower, Axial
Two fan set side by side
17” Diameter
Venturi Shroud
Tip clearance approx .005
Direct gear driven off the
Allison transfer case

Same as
Configuration |

Same as
Configuration |

TRANSMISSION
OIL COOLER

Perfex Corp- Modine Shell
Tube and Shell Type
42 Tube
Engine coolant cooled
Pressure side of engine
water pump

Same as
Configuration |

Same as
Configuration |

THERMOSTAT

P/N19207-10921755-1
2 Bypass system
NSN 6620-00-810-3921
Opening temp 180°F
Blocked open during Test

Same as
Configuration |

Same as
Configuration |

Table 1 — Test Components used for Configurations I, IT & III




7.0 CONFIGURATION SPECIFIC DISCUSSION
7.1 CONFIGURATION I

This original configuration included the 440 BHP engine and TC-360 torque
converter. Top speed, fuel consumption and some full load testing was done before it
was discovered the water pump was leaking causing the cooling fluid to be low in the
system. This was a problem because the radiator is the highest component in the
cooling system, meaning that when there was low coolant, the radiator was low on
coolant and the system’s effectiveness was reduced.

During the replacement of the water pump it was noticed that two lines going to the
coolant overflow tank were reversed based upon how the Technical Manual requires
they be installed. It is unknown how long the lines were reversed but, based on the
line marking procedure we use when pulling a power pack, the lines were reversed
before the vehicle arrived. So, it is known that the vehicle is functional with reversed
lines, but what is unknown is whether any adverse affects results from it. In theory,
the reversed lines could cause air to be ingested into the cooling line, when in fact the
purpose of these lines is to purge air from the system. Air is a much poorer cooling
medium than water which is why it is purged from the cooling system. Both these
hoses have identical connectors and both are 4 inch in diameter. We recommend that
different sized connectors be used to avoid this problem in the future. As is, this line
switching mistake is easy to do and there are probably fielded units with the same
issue. Figure 5 shows which two lines were reversed. Due to the unknown effects of
the reversed lines and the potentially low coolant during the long duration tests, it
was decided to rerun the gamut of tests to ensure validity of results.

——=== Reversed Lines

sl -
i iF & g i

i 1o -
NP W e
&z 5

P % & O 8 S~
o :,:}é;;cs)glant JoPressure
g Y8l . ~TRelief Valve

S, /,/'Tybe //,/
Nl 4 ;;,

20, ! 10

Figure 5 — Reversed Lines into the Surge Tank



Full load cooling tests were run at five different ambient temperatures, (77°F, 95°F,
100°F, 105°F and 115°F). These temperatures were picked for uniformity of spacing,
every 10 degrees, and/or to match previous Yuma data for comparison purposes.
Table 2 shows the critical temperature results from this testing. The tractive effort to
weight ratio was based on a fully combat loaded 63,300 pound vehicle.

CRITICAL TEMPERATURES
Ambiegit TEMWT Coolant into Engine Oil Sump | Trans Oil to Cooler
Temp °F Radiator °F °F °F
95.2 . 0.30 2018 . 249 224 |
[ 951 | 033 199.9 244 218
95.2 L7 S N | S 235 208
95.4 0.45 2085 | 248 237
951 0.50 209.9 247 240
95.2 0.55 eI 250 246
95.0 0.60 215.5 f 252 253
100.3 0.41 2142 ' 255 243 -
99.9 0.55 217.1 254 250
100.3 0.60 221.2 257 260 .
100.6 0.61 222.7 . 258 263
104.9 0.26 212.6 ' 260 235 .
105.7 0.31 209.8 254 228
105.6 032 2096 253 226
105.5 0.33 209.0 2 224
105.3 0.40 218.9 259 248
105.4 0.45 220.2 259 249 |
105.5 0.50 221.6 l 258 253
105.7 0.55 224.6 261 261
106.0 0.60 227.9 263 269
s 5 0.31 222.9 265 240
116.5 0.32 222.3 264 238
| 115.7 0.33 221.9 : 261 236
115.0 0.35 ¥ . £

Table 2 — Configuration I FLCT Results — Summary of Critical Temperatures

*The Paladin could not cool at the required 0.35TE/WT in 115F ambient temperature. At this test
point, the temperature of the engine coolant rapidly increased to the spec. limit of 230°F and was still
climbing so the test was stopped.

Figure 6 is a visual depiction of the engine coolant to radiator results obtained with
Configuration I. The trend is very apparent and appears very steady as the ambient
temperatures are increased. That is however, until the ambient temperature is 115°F.

There is a dramatic change in the ability of the vehicle to cool between 105°F and 115°F.
What is being witnessed here is the topping out of the cooling systems ability to cool.
The tractive effort to weight capability of the vehicle drops dramatically between 105 and
115 degrees. The vehicle can achieve 0.6 TE/WT at 105°F. But, at 0.35, the cooling

10



point required in the spec, the vehicle temperatures would not even stabilize. It becomes
very apparent how ambient temperature sensitive, the vehicle is in this range because a

decrease in ambient temperature of only 1.5°F allows the vehicle to just barely stabilize
at 0.40 TE/WT.

It is important to note, based on the required cooling point in the current Paladin
specification, the vehicle does not achieve its TE/WT cooling point in its current
(baseline) configuration. It does, however, come very close to making this point.

Configuration | - Coolant to Radiator Temp vs. TE/WT
LL -
> 230 T P sk [ %
i i T ™
E 2907—— [ ASSEEED e S o A
4= Paladin temperatures ——
.8 215 would not stabilize at thij[T‘-"* e —
sy -
& 2107 - i
£ 205 A 1
‘_’:‘, 20017 i P = | =
8 1951 2
© 190 .
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
| Spec Reqtat TE/WT
115°FAmbient
s 115degF = 100 deg F ~ a-105deg F - 95 deg F J
Ambient Ambient - Anjpient Ambient ]

Figure 6 — Graphical FLCT Results — Engine Coolant Temperature vs. TE/WT

7.2 CONFIGURATION II

This configuration had the 440 horsepower engine and TC-396 torque converter. The
TC-396 is made by ATD and is a replacement for the TC-360 that is currently the
standard torque converter. The TC-396 torque converter was tested to determine if
the TC-396 design will aid the overall vehicle’s cooling ability. An increase in the
efficiency of the torque converter will decrease the amount of heat into the oil. The
TC-396 is a derivative of the M113 torque converter and can be produced when the
TC-360 is discontinued.

The 440 BHP engine with the TC-396 torque converter did not significantly affect the
cooling performance when compared to the baseline. Configuration II went into
converter mode at 0.35 TE/WT same as the baseline which terminated the FLHACT.
The power pack ran slightly hotter than the baseline (Figure 14) while in converter
mode, a mode that works to increase the torque applied to the ground.

11



Table 3 shows the vehicle was not able to meet the specified cooling point in
Configuration II. The point at which the torque converter drops into its converter
mode falls around 0.35 TE/WT in 115°F ambient temperature. As the torque
converter starts its job of multiplying torque there is a considerable amount of heat
caused by torque converter slippage resulting in a rapid rise in the temperature of the
engine coolant.

The characteristics of the power pack were changed slightly in Configuration II. For
example, although the engine tended to run a little slower in converter mode with the
TC-396 installed, it still achieved the same tractive effort points when compared to
the engine with the TC-360 installed. This should provide a slight reduction in fuel
consumption while hindering cooling ability a bit because of the direct mechanical
linkage between the engine and fan. In essence, the TC-396 functioned as it should,
not significantly better, nor significantly worse that the baseline TC-360. Durability
was not tested during this program, but other than this open issue, the TC-396 is an
acceptable replacement for the TC360.

CRITICAL TEMPERATURES

Ambie;n TE/WT Coolant irlto Engine oC)il Sump | Trans Oi(l’ to Cooler
Temp °F Radiator "F F F
940 |  0.294 201.61 249 224
940 0.33 199.88 245 218 B
94.3 0.35 198.98 240 213
93.8 0.35 198.46 240 212
94.3 0.40 212.05 251 239
93.8 0.45 211.64 250 238
94.9 0.50 214.63 251 243
94.8 0.55 217.59 253 251
94 .4 0.60 221.41 256 260
103.5 031 210.57 25 231
~104.2 0.33 210.03 252 227
104.4 0.40 221.77 261 248
104.3 0.45 221.24 259 246
103.9 0.50 223.19 ) 260 251
104.5 0.55 226.03 260 258
103.2 0.60 229.27 263 268
114.6 0.31 220.06 265 240
115.4 0.32 220.03 263 237
115.0 0.33 219.58 262 235
115.8 034 | 220.27 B 260 234
115.0 0.35 & * *

Table 3 — Configuration II FLCT Results - Summary of Critical Temperatures

*The Paladin could not cool at the required 0.35TE/WT in 115F ambient temperature. At this test
point, the temperature of the engine coolant rapidly increased to the spec. limit of 230°F and was still
climbing so the test was stopped.
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7.3 CONFIGURATION III

This configuration included the 500 BHP engine with the TC396 torque converter. This
500 BHP engine is a modified form of the baseline engine. The modifications included
the addition of an aftercooler and the incorporation of a higher capacity oil cooler and
higher capacity fuel injectors. Figure 7 shows the up-powered engine prior to
installation.

y I : 2 - ;’(i,‘

Figure 7 — 500 Horsepower Detroit Diesel 8V71T Engine

The FLHACT results, for Configuration III, are shown in Table 4. The vehicle in this
configuration was able to keep the coolant to radiator temperature under the specification
limit of 230°F at 0.35 TE/WT. However, the engine oil sump temperature exceeded the
specification limit of 275°F by 10°F.

Permission was obtained from the engine manufacturer (Detroit Diesel Corporation), to
increase the engine oil limit to 290°F for these tests only. While higher engine oil
temperatures do not normally affect the ability of the engine to do its job, they will
inevitably reduce engine life.

13



CRITICAL TEMPERATURES

Ambieglt TEWT Coolant into l Engine Oil Sump | Trans Qil to Cooler
Temp °F Radiator °F I °F °F
950 | 030 | 2128 | 271 | = 233 |
951 033 212.99 ! 270 | 233
952 0.35 21064 | 267 229
95.5 037 20814 | 263 222
952 | 045 | = 22132 i 274 1248
_221.62 FiL S S . S
223.62 275 _25
226.43 277 260
L 221.09 | 218 242
1062 | 033 | 22080 | 276 -,
1047 | 035 | 21857 | 273 | 236
1065 | 037 216907 | 270 0 | ¢ .
1052 | 045 22899 | 280 3 255
1057 | 050 229.62 | 280 256
1156 | 035 | 22958 ... 285" . e4a5 0o
1150 | 0.37 227.22 280" 239

Table 4 — Configuration III FLCT Results - Summary of Critical Temperatures
* Exceeds the Engine Oil Sump Temperature limit of 275°F

There appears to be no single factor that allowed the vehicle to keep its engine coolant
temperature under 230°F in this configuration, rather it is a cumulative affect of different
operating characteristics along with the addition of a more efficient torque converter.

The use of a higher power engine effectively changed the engine operating points at
which different tractive effort to weight points are achieved. For example, the engine
speed required to make the 0.35 tractive effort to weight point is higher under this
configuration than the previous two configurations. The fan drive is mechanically linked
to the engine such that the higher the engine speed, the faster the fans spin and the more
cool air they push through the radiator. Higher engine speed also correlates to higher
coolant flow rates. This is especially prevalent on the 500 HP engine since the coolant
flow rate has been increased over the whole spectrum by about 10 gallons per minute.
Because of this, the coolant flow at the same tractive effort points in Configuration III
was higher. The upward trend of coolant flow based on engine speed and the jump up for
the 500 HP engine is shown visually in Figure 9. The difference in coolant flow rates at
the same tractive efforts between the three configurations is shown in Figure 10.
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Engine Speed vs Tractive Effort to Weight
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Figure 8 — Engine Speed at Various TE/WT Points
Coolant Flow Rate vs Engine Speed
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Figure 9 — Coolant Flow Rate Increases Linearly with Engine Speed
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Coolant Flow Rate vs TEEWT
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Figure 10 — Configuration III has a Higher Flow Rate at the same TE/WT Point
Coolant Temp to Radiator vs Tractive Effort - 95F
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Figure 11 — Top Tank Temperature at Given TE/WT
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8.0 GENERAL DISCUSSION

8.1 FULL LOAD COOLING TESTS

The FLHACT and Max HP Top Speed test results are shown in Table 5. The Maximum

Hp Top Speed tests were run in 95°F and 105 °F ambient temperatures.

BHP/Torque Converter 440/TC-360 440/TC-396 500/TC-396

Test Run 12/10008 | 2/5i04 | 41404 05/03/04
o Maxtip opsised) | 031 | 033 | 031 | 038 | 034 | 038 | 07 | Fopecs | Topees

Ambient Temp _ | 1174 | 1157 1146 1150 1158| 1156 1150 | 956 105.1
Speed ratio 10| 10| 10| 10| 10 10| 10] o169] o.169
Engine Speed RPM _ 1965 | 1630 | 2120 | 1751 | 1646 | 1925 | 1610 | 2298 | 2299
Sprocket speed RPM 96.5| 80.1| 1039| 86.2| 80.7| 048| 79.3| 664.0| 665.5
Sprocket Torque FT-LB___ | 15873 | 17062 | 15704 | 17305 | 17717 | 18289 | 19234 | 4066 | 3564
Calculated Sprocket HP | 291.6 | 260.3 | 3107 | 284.0 | 2723 | 330.1 | 2903 | 514.0 | 451.6
Coolant flow GPM 1034 | 860 1167 | 967 | 90.4| 1180 | 988 1400 140.0

| Coolant Into Radiator °F | 2229 | 221.9| 2201 | 2196 | 2203 | 2206 | 227.2| 219.7| 2205
Coolant Out of Radiator °F | 209.6 | 208.1| 207.8 | 2066 | 207.0| 2181 | 2142 | 2063 | 2162
Transmission Oil to CIr °F | 239.6 | 235.7 | 2309 | 2352 | 234.0 | 2455 239.4 | 247.1| 2562
Engine Oil Sump °F 265 | 261 | 265 | 261 | 260 | 285" | 280* | 273 | 281*

| Avg Air out of Inlet grille °F | 124.0 | 123.1| 1214 | 1224 | 123.5] 1200 1196 988 108.4
AvgAirToFanF | 1302 130.0| 1382 130.4 | 1406 | 1430 143.1| 1251 | 135.1
Avg Air into Radiator °F | 151.1 | 1486 1492 147.8| 1484 151.7 | 1408 | 1338 1435
Avg Air out of Radiator °F | 179.6 | 180.7| 176.0| 177.8| 179.2| 1837 1839 170.5| 1790
Avg Air to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>